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Description 

FIELD OF THE INVENTION 

[0001] This invention relates to a radio frequency cir- 
cuit and memory in a thin flexible package. More spe- 
cifically, the invention relates to a thin flexible radio fre- 
quency circuit used as a radio frequency tag. 
[0002] BACKGROUND OF THE INVENTION Radio 
Frequency Identification (RF ID) is just one of many 
identification technologies for identifying objects. The 
heart of the RF ID system lies in an information carrying 
tag. The tag functions in response to a coded RF signal 
received from a base station. Typically, the tag reflects 
the incident RF carrier back to the base station. Infor- 
mation is transferred as the reflected signal is modulat- 
ed by the tag according to its programmed information 
protocol. 

[0003] The tag consists of a semiconductor chip hav- 
ing RF circuits, logic, and memory. The tag also has an 
antenna, often a collection of discrete components, ca- 
pacitors and diodes, for example, a battery in the case 
of active tags, a substrate for mounting the components, 
interconnections between components, and a means of 
physical enclosure. One variety of tag, passive tags, has 
no battery. They derive their energy from the RF signal 
used to interrogate the tag. In general, RF ID tags are 
manufactured by mounting the individual elements to a 
circuit card. This is done by using either short wire bond 
connections or soldered connections between the board 
and the circuit elements: chip, capacitors, diodes, an- 
tenna. The circuit card may be of epoxy-fiberglass com- 
position or ceramic. The antennas are generally loops 
of wire soldered to the circuit card or consist of metal 
etched or plated on a circuit card. The whole assembly 
may be enclosed in a plastic box or molded into a three 
dimensional plastic package. 

[0004] While the application of RF ID technology is not 
as widespread as other ID technologies, bar code for 
example, RF ID is on its way to becoming a pervasive 
technology in some areas, notably vehicle identification. 
[0005] Growth in RF ID has been inhibited by the high 
cost of tags, the bulkiness of most of the tags, and prob- 
lems of tag sensitivity and range. A typical tag costs in 
the $5 to $10 range. 

[0006] Companies have focused on niche applica- 
tions. Some prior art is used to identify railway boxcars. 
These tags tend to be quite large and are made of dis- 
crete components on circuit boards mounted in solid, 
non -flexible casings. RF tags are now used in the auto- 
matic toll industry, e.g. on thruway and bridge tolls. RF 
tags are being tested for uses as contactless fare cards 
for buses. Employee identification badges and security 
badges have been produced. Animal identification tags 
are also commercially available as are RF ID systems 
for tracking components in manufacturing processes. 
[0007] Tags exist that have the length and width of a 
standard credit card. However these cards typically are 



over 2.5 mm thick and have a non-flexible casing. Tags 
also exist that have a credit card size length and width 
but with bumps where circuit is placed that causes them 
to be too thick to fit in card reader machinery. 
5 [0008] While some electronic article surveillance 
(EAS), e.g. antitheft devices, are thin (0.3 mm) they typ- 
ically contain limited amounts, (i.e., only one bit) of in- 
formation. Some of these devices can be turned off once 
but cannot be reactivated. 
10 [0009] Figure 1 A shows one prior art structure of a ra- 
dio frequency tag 105. The tag 105 has a chip 110 
mounted on a substrate 115. The chip 110 has contacts 
120 that are connected to circuitry on the substrate 115 
by wire bonds 1 25. An encapsulation material 1 30 cov- 
'5 ers the chip for environmental protection. The thickness 
of this tag 105 is determined by the combined thickness- 
es of the chip components. Typically, substrates in these 
tags are at least 10 mils, .25 mm, in thickness, the chip 
110 along with the high loop 122 of the bond vary from 
20 to 40 mils, .5 to 1 mm, in thickness and the encap- 
sulation 130 is about 10 mils, .25 mm in thickness. As a 
result, tags 105 of this structure vary from a minimum of 
40 to 60 mils, 1 to 1.5 mm, in thickness. This structure 
is too thick for many potential tag applications. 
[0010] Figure 1B shows another prior art structure 
1 50 showing a chip 1 1 0 with the chip contacts 1 20 con- 
nected to circuitry contacts 155 with conducting adhe- 
sive 160. The substrate 165 of this structure 150 is typ- 
ically made as a FR4/printed circuit (thickness 40 to 60 
mils, 1 to 1 .5 mm) or flexible substrate (1 0 mils, .25 mm). 
The chip 110 and adhesive 160 add another 20 to 40 
mils, .5 to 1 mm, to the thickness and the encapsulation 
130 adds still another 10 to 20, .25 to .5 mm mils in 
structure 150 thickness. This structure therefore can 
vary in thickness from 80 to 1 30 mils, 2 to 3.5 mm, mak- 
ing it thicker than the structure in Figure 1 A. 
[0011] Other thick structures are known in the art. 
These include quad flat pak (QFP) and/or small outline 
pak (SOP) as components. Structures made with these 
components are at least 1 mm thick and usually 2 to 3 
mm thick. 

[0012] DE-A-4 319 878 describes a high frequency 
identification card produced with a carrier layer that sup- 
ports an integrated circuit chip. The chip has connec- 
tions to a pair of conducting antenna strips that are pro- 
duced by screen printing. Also located on the carrier lay- 
er are a pair of rectangular, thin section batteries that 
supply the unit. 

A cover element is formed over the chip and the batter- 
ies and this provides a complete hermetic seal for the 
chip and batteries. 

PROBLEMS WITH THE PRIOR-ART 

[001 3] Prior art teaches that there is a long felt need- 
to manufacture thin RF ID tags on flexible substrates. 
However, while the goal of a thin flexible tag is desired, 
the prior art has failed to reach the goal. One prior art 
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reference discloses a tag that is 1.5 to 2.0 mm thick. 
This tag thickness limits the applications of this tag. For 
example, it is far thicker than the ISO standard credit 
card thickness of 0.76 mm and therefore could not be 
used in a credit card to be inserted into a credit card 
reader. 

[0014] The prior art has failed to produce a thin tag 
because: care is not been taken-to make each of the 
elements thin; elements are stacked one upon the next; 
and the antenna and connecting conductors require 
more than one plane of electrical wiring, ie. the designs 
use cross-overs for completing interconnections. As el- 
ements are stacked and layers are added the package 
grows thicker and flexibility is lost. 
[0015] Another prior art reference discloses a pack- 
age with a total thickness of 0.8 mm. This is still greater 
than the ISO standard credit card thickness of 0.76 mm. 
Furthermore, while thin elements are disclosed, no care 
is taken to use flexible materials throughout. The com- 
ponents are mounted on a hard circuit card and encap- 
sulated in plastic. (Hard means can not be torn easily 
by hand.) The result a is rigid package. The prior art has 
not shown the use of thin flexible laminate covering ma- 
terials for the packages. The results are that the pack- 
ages are thick, and inflexible. 

[0016] In US-A-4 725 924 a small electronic unit for 
use especially in the manufacture of microcircuit cards 
is described. It includes an integrated circuit positioned 
in an aperture in a flexible sheet of insulating material 
which sheet carries a plurality of electrical conductive 
strips that extends into the aperture and are fastened, 
soldered or adhesively bonded to the terminals of the 
chip. The flexible sheet is carried either directly or 
through the intermediary of the conductive strips by a 
support member which is deformable under bending 
and twisting stresses. At least a major sector of the area 
of the flexible sheet surrounding the aperture is free to 
move with respect to the support for substantially isolat- 
ing the chip and the conductive strips from stresses re- 
sulting from the deformations of the support member. 
[0017] EP-A-0 231 937 discloses an arrangement of 
semiconductor device for-use in a card. The card like 
semiconductor device comprises a circuit board made 
of plastic resin and a semiconductor pellet mounted to 
the circuit board, wherein a metal layer is formed on one 
surface of the semiconductor pellet on which semicon- 
ductor circuit is not formed. The semiconductor pellet is 
secured to the circuit board by bonding the metal layer 
to the circuit board and being sealed with high polymer 
material on the circuit board. This board structure is 
however not flexible. 

OBJECTS OF THE INVENTION 

[0018] An object of this invention is an improved thin 
radio frequency tagging apparatus. 
[001 9] An object of the invention is a flexible radio fre- 
quency tag apparatus with a thin flexible protective lam- 



ination. 

[0020] An object of the invention is a flexible radio fre- 
quency tag apparatus that may fit within the thickness 
limit of an ISO standard credit card, a passport cover, a 
s postage stamp, an anti-theft device, or an admission 
ticket. 

SUMMARY OF THE INVENTION 

10 [0021 ] The present invention is a thin flexible electron- 
ic radio frequency (RF) tag circuit with the features of 
claim 1. 
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DESCRIPTION OF THE DRAWINGS 
[0022] 



Fig. 1 comprising Figures 1 A and 1 B, is a drawing 
showing the cross section view of two typical 
20 embodiments in the prior art. 

Fig. 2 is drawing showing a cross section of a thin 
RF ID tag. 

25 Fig. 3 is drawing showing a cross section of one 
preferred embodiment of the present thin RF 
ID tag with an aperture in the substrate. 

Fig. 4 is a top view of the thin tag showing a dipole 
30 antenna. 

Fig. 5 is a top view of a thin tag having more than 
one folded dipole antennas. 

35 Fig. 6 is a top view of a thin tag having a battery 
included in the circuit. 

Fig. 7 comprises Figures 7A - 7E which are cross 
sections of prior art chip bonds to substrates 
40 by means of thermocompression bonding 

(Figure 7A), ultrasonic bonding (Figure 7B), 
C4 solder bonding (Figure 7C), conducting 
adhesive bonding (Figure 7D), and spot 
welding (Figure 7E). 

45 

Fig. 8 shows a thin tag used as a postage stamp. 

Fig. 9 shows a thin tag placed in the cover of a 
passport using a resonant loop antenna. 

50 

Fig. 10 shows a thin tag used on an admission tick- 
et. 

Fig. 1 1 shows a thin tag used as an antitheft device. 

55 

Fig. 1 2 shows a thin tag placed inside a credit card. 
Fig. 1 3 shows a thin tag placed inside a license. 
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DETAILED DESCRIPTION OF THE INVENTION 

[0023] Figure 2 shows a side view of a novel RF ID 
tag 200. The chip 210 is located on a flexible substrate 
220. The chip 210 with bumps 225 on contacts 222 is 
bonded to an antenna 230 contained on the substrate 
220. The package is sealed by thin flexible laminations 
270 consisting of a hot-melt adhesive 250 such as EVA 
on the inside and an outer coating 260 of-a tough poly- 
meric material on the outside. The antenna is manufac- 
tured as an integral part of the substrate. It will consist 
of thin, typically 25 to 35 micron thick copper lines which 
have either been etched onto a copper/organic laminate 
or plated on the organic surface. The thinness of the 
copper maintains the flexibility of the substrate. Typical 
materials used are polyester or polyimide for the organic 
and electroplated or rolled annealed copper. The copper 
may be gold or tin plated to facilitate bonding. The chip 
is connected to the antenna lines by means of bumps 
on the chip, either plated gold bumps for thermocom- 
pression bonding or C4 solder bumps for solder bonding 
are preferred. The bumps 225 then become the con- 
necting lines. Since they are only on the order of 25 mi- 
crons or so they will not degrade electrical performance 
by introducing unwanted inductance into the circuit. The 
novel design has a single metal layer with no vias in the 
flexible continuous film. By using only one level of metal 
to produce the antenna and interconnections, the pack- 
age is kept thin. Further the components (chip and an- 
tenna and possibly a battery) are arranged in adjacent 
proximity to one another. This means that the compo- 
nents are close (i.e., not stacked). 
[0024] The closeness is insured because the chip 2 1 0 
is bonded directly to the antenna 230 without the use of 
crossovers in the circuit. This is accomplished by using 
either a dipole or folded dipole antenna that is resonant 
rather than using a multiloop antenna which requires 
cross-overs for connection. Thus all of the wiring is 
placed in a single plane. Keeping the antenna adjacent 
to the chip, avoiding crossovers and stacking, also con- 
tributes to keeping the package thin. 
[0025] To maintain the thinness of the package, the 
chip is made to be 225 to 375 microns thick by thinning. 
In general, semiconductors are manufactured on thick 
wafers, up to 1 mm thick. Thinning may be done by pol- 
ishing or backgrinding of the wafer after manufacture. 
All elements and bonds are very thin. The elements are 
preferably: the chip (and battery if used) are 10 to 12 
mils (250 to 300 microns) thick or thinner; the bonding 
structures are 2 mils (50 um) or less; laminating mate- 
rials 2 to 4 mils (50 to 125um) per side; to produce total 
thickness preferably of about 20 mils (500 um) but less 
than 30 mils (750 um). Bonding mechanisms do not add 
to thickness of the tag as would techniques like wire- 
bonding. 

Although not required, a unique flexible covering mate- 
rial 270 may be laminated upon one or both sides of the 
package. In another preferred embodiment, the material 



consists of two layers (250, 260). A soft co-polymer such 
as ethyl-vinyl-acetate is located on the inside 250 sur- 
face of the cover. Tough polyester is located on the out- 
side 260 surface. This combination provides environ- 
5 mental protection while maintaining the flexibility of the 
package. Typical thicknesses of the covers range from 
50 to 1 25 microns. Alternately, a single layer of laminate 
such as polyethylene may be used for covering. 
[0026] Figure 3 shows a side view of a unique RF ID 
10 tag 300 according to an embodiment of the invention. 
The chip 31 0 with contacts 322 and bumps 325 is bond- 
ed to antenna 330 thru window 315 in substrate 320. In 
a more preferred embodiment, encapsulant 340 is used 
to protect the chip 310, the bonds 325 on contacts 322, 
15 connected to antenna 330 located in window 315 be- 
tween substrate 320 from environmental exposure. In a 
still more embodiment, the package is sealed by thin 
flexible laminations 370 consisting of hot melt adhesive 
350 such as EVA on the inside and an outer coating 360 
of a tough polymeric material on the outside. In an al- 
ternative preferred embodiment, layer 370 comprises a 
single layer of organic material. 
[0027] In order to further reduce the thickness of the 
package, the substrate is manufactured with a window 
allowing the insertion of the chip into the window. Thus, 
the thickness of the substrate is not added to the thick- 
ness of the chip. The window is produced in organic ma- 
terials, polyimide or polyester by either etching or 
punching. In addition, the window may be used to allow 
the coating of the chip with a thin layer of encapsulation 
material. Hysol (registered trademark of Dexter Corpo- 
ration, Calif orina, USA) epoxy 4510 is one such material. 
The encapsulant does not add substantially to the total 
package thickness, adding perhaps 50 microns, but 
does provide additional environmental protection for the 
chip. Opaque materials in the encapsulant protect light 
sensitive circuits on the chip. In this embodiment, the 
antenna and the center of the chip can be coplanar. 
[0028] Figure 4 shows a top view of the thin RF I D tag 
400. The chip 41 0 is located within a window 450 placed 
in a flexible substrate 420. The chip 410 is bonded to 
contacts 425 on the flexible substrate 420 which are 
connected to a dipole antenna 430 contained on the 
substrate. 

[0029] Figure 5 shows a top view of the thin RF I D tag 
500. The chip 510 placed in the window 550 is bonded 
to contacts 525 on the flexible substrate 520 which are 
connected to more than one folded dipole antenna 530 
and 531 contained on the substrate. 
[0030] Figure 6 shows a top view of the thin tag 600. 
The semiconductor chip 610 is connected to a folded 
dipole antenna 630 by means of contacts 625. The an- 
tenna is contained in the substrate 620 as described 
above. A thin battery 660 is connected to the chip 610 
at by leads 661 and 662 bonded at contacts 625. 
[0031] The battery has short connecting lines 661 and 
662 providing electrical continuity between the battery 
and the chip. The battery is placed adjacent to the chip, 
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not stacked upon the chip. The battery thickness of 
about .25 mm keeps the battery flexible. The antenna is 
designed such that it is also adjacent to the battery. 
There is no overlap. The wiring is kept in one plane and 
all of the elements (chip, battery, antenna) are coplanar; 
there is no stacking. As a result, the package is thin and 
flexible. 

[0032] The bonding method for attaching batteries to 
prior art radio frequency tags include some of the tech- 
niques described below, i.e., soldering, conducting ad- 
hesive; and wire bonding. In addition, spot welding may 
be used. In spot welding, shown below in Figure 7E, the 
battery connection pads are pressed to contacts on the 
substrate while a low-voltage high-current pulse bonds 
the two metals together. 

[0033] In one preferred embodiment, the metallurgies 
on the battery, chip, and substrate are such that the bat- 
tery attaching mechanism is consistent with the method 
and mechanism of the chip attachment. For example, 
use of tin plating on the substrate to enable chip bonding 
may preclude use of conductive adhesive to attach the 
battery but might allow use of gold plating to enable at- 
taching of both. 

[0034] A more preferred embodiment used to make a 
thin flexible rugged package uses robust chip attach 
techniques such as thermocompression (TC) bonding 
used in TAB technology. Using TC bonding for the chip 
and spot welding for the battery is a novel combination 
of bonding techniques that enables attachment of the 
battery to a flexible substrate 620. In one preferred em- 
bodiment, the substrate is a TAB polyimide or polyester. 
[0035] Figure 7 shows different types of bonding 
available in the prior art to attach chips to circuitry that 
are on the substrate when producing an RF tag. These 
include thermocompression bonding, ultrasonic single 
point bonding, soldering, and conductive adhesive. 
[0036] In Figure 7A, using thermocompression bond- 
ing, suitable metal surfaces a re brought into contact with 
pressure 750 and heat 740 applied by thermode 720 to 
form a metal-to-metal bond 760 usually gold bumps 730 
on chip 710 to gold-plated leads 706 on substrate 705 
which rests on lower thermode 780. Many leads are 
bonded at once (gang bonding). This is used extensively 
for reel-to-reel TAB (tape automated bonding). 
Figure 7B shows ultrasonic singlepoint bonding a vari- 
ation on thermocompression bonding for TAB where 
some ultrasonic energy is substituted for some pres- 
sure. One bond is done at a time. This bonding type also 
requires gold-to-gold metallurgy. Bonding tip 751 ap- 
plies pressure 731 and ultrasonic energy 741 while 
pressing lead 721 to bump 725 on chip 711 resting on 
lower support 705. 

[0037] Figure 7C shows soldering or C4 solderbond- 
ing where small leadAin solder bumps 746 are used as 
the connecting medium between chip 71 6 and pads 726 
on substrate 736. The reflow is carried out while the sub- 
strate is carried on platform 756 through oven 786. This 
usually requires the application of solder flux for reflow 



of the solder at elevated temperature. 
[0038] Figure 7D shows conducting adhesive bond- 
ing where a metal-filled adhesive 744 is applied to form 
the connecting medium between chip pads 740 on chip 
s 714 and the substrate pads 724 on the substrate 734. 
Heat 774 and pressure 784 are applied by pressing be- 
tween thermodes 764 and 754. 
[0039] Figure 7E shows spot welding where welding 
tips 755 and 765 separated by gap 775 are pressed to 
w conductor 745 held in contact with conductor 735 placed 
on insulating substrate 725. Current 785 heats the weld- 
ing tips 755 and 765 to make the bond. 
[0040] Figure 8 shows an RF postage stamp 800 con- 
taining a thin RF tag 81 0 which consists of antenna 81 5, 
is battery 820, and chip 830 affixed to envelope or pack- 
age 840. This tag 810 can be any of the embodiments 
described above. In this application, the cover (typically 
270 of Figure 2 and 370 of Figure 3) for the tag is the 
paper of the stamp. Adhesives, such as acrylics, are 
used to sandwich the tag between thin paper. These ad- 
hesives would correspond to the layer 250 in Figure 2 
and 350 in Figure 3. The top surface (of one side 270, 
370) can be printed with the appropriate graphics while 
the bottom surface has a pressure sensitive adhesive 
(of the other side 270, 370 in the case of a tag laminated 
on two sides), also acrylic, to bond the stamp to a pack- 
age or letter envelope. The RF tag would contain infor- 
mation about mailing used to track a letter or parcel on 
which the stamp is placed. Alternatively, the RF tag 850 
could be enclosed in the parcel membrane or or in the 
wall of the envelop 840. In another, embodiment the RF 
tag could be placed within the parcel or envelop. 
[0041] Figure 9 shows the thin RF tag 920 embedded 
in the cover 91 0 of passport 930 to form an RF passport 
900. Here the tag is sandwiched between the paper cov- 
ers of the passport. The tag can have an environmental 
laminate(s) (270, 370) as described above or alterna- 
tively, the passport cover can be used as the tag lami- 
nate^) (270, 370). The tag contains in its memory infor- 
mation on the identity of the passport owner, visas, 
dates of entry, restrictions, or any other desirable infor- 
mation. The information may be in encrypted form for 
added security. 

[0042] The encryption "key" would be a software code 
that is held and used solely by the agency issuing the 
passport. The deencryption key may be made public so 
that anyone (with a public deencryption key) can read 
information in the memory of the tag but only the agency 
having the encryption key can write information to the 
tag. 

[0043] Figure 10 shows admission ticket 1010 con- 
taining RF tag 1020. The tag is again enclosed between 
paper covers or other laminates. The ticket may be a 
simple admission ticket or entitlement such as an airline 
ticket or a food stamp. However, the tagged ticket may 
also serve as a tracking device. 
[0044] Figure 11 shows a CD 1140 enclosed in box 
1120 with an RF ID antitheft tag 1130 affixed to the box 
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1120. The tag serves as both a barcode replacement, 
inventory device, point of sale device, and as an antitheft 
device. Information on product variety, price, date of 
manufacture and sale may be carried by the tag. Addi- 
tional bits of information in the memory of the circuit may 5 
be changed at the time of sale to indicated that the item 
may be taken from the store. 

[0045] Figure 12 shows ISO standard credit card 
1210 containing an RF tag 1220. The credit card may 
serve as an ATM card, frequent flyer card, library card, 10 
phone card, employee ID, medical ID card, gasoline 
credit card or any credit or debit card. The covers (lam- 
inates 270, 370) of the tag could be the covers of the 
credit card, preferably PVC laminations. The core of the 
credit card, .5 mm thick, has a window placed in it at the is 
time of manufacture. The .5 mm thick tag package is 
placed in the window and then sealed into the card. The 
resulting credit card, including the tag, will not only have 
the length and width that meet the ISO standard, but the 
thickness as well. 20 
[0046] In another embodiment of the present inven- 
tion, shown in Figure 1 3, the RF tag 1 320 is place within 
a vehicular drivers license 1 310 in the same manner as 
described above. The allow information on the RF tag 
to be used for personal identification, driving record, or- 25 
gan donor information, restrictions, proof of identity and 
age, etc. The information can be encrypted for security 
purposes. 



Claims 

1 . A thin flexible electronic radio frequency tag circuit 
comprising; 

35 

a. an insulating, flexible substrate; 

b. an antenna that is an integral part of the sub- 
strate and that has terminals; 

40 

c. a circuit chip having a modulator circuit, a log- 
ic circuit, a memory circuit, and chip connectors 
and being on the substrate in adjacent proxim- 
ity to the antenna; 

45 

d. one or more connecting lines between the 
antenna terminals and the chip connectors, the 
connecting lines being coplanar with the anten- 
na and antenna terminals, 

so 

characterized in that said substrate has an aperture 
into which said chip is placed : and said chip is cov- 
ered by an encapsulant filling in said aperture the 
gap between said chip and said substrate. 

55 

2. A circuit, as in claim 1 , where the substrate is or- 
ganic comprising polyimide and polyester. 



3. A circuit, as in claim 1 , wherein said encapsulant is 
opaque. 

4. A circuit, as in claim 1, where the connecting lines 
are any of the bonding types including thermal com- 
pression, single point bonding, C4 bonding, and 
conductive adhesive. 

5. A circuit, as in claim 4, where an organic cover sur- 
rounds said chip, said encapsulant, said substrate, 
and said antenna. 

6. A circuit, as in claim 1 , that is laminated by one or 
more layers. 

7. A circuit, as in claim 6, that is laminated by a two 
layer laminate comprising a hard outer layer and a 
adhesive inner layer, where the outer layer is one 
of the materials including polyester, mylar, polyim- 
ide, and polyethylene and where the adhesive is 
one of the materials including ethyl vinyl acetate 
(EVA), phenolic butyral and silicone adhesive 

8. A circuit, as in claim 6, where the circuit is laminated 
on one side or on two sides. 

9. A circuit, as in claim 1 , where the antenna is a res- 
onant antenna and is any one of the following struc- 
tures including folded dipole, half-wave dipole, and 
loop. 

10. A circuit, as in claim 1, where a battery is also affixed 
to the substrate in adjacent proximity to the antenna 
and chip and is connected by one or more battery 
connecting lines to two or more chip battery con- 
tacts where the battery connecting lines and the 
battery contacts are coplanar with the antenna and 
connecting lines. 

11. A circuit, as in claim 10, where the battery contacts 
are connected to the battery connecting lines by any 
of the bonding types including spot welding, solder- 
ing, thermocompression bonding, and conducting 
adhesive. 

12. A circuit, as in claim 10, where the battery contacts 
are connected by spot welding and the chip con- 
tacts are connected to the antenna by thermocom- 
pression bonding. 

13. A circuit, as in claim 1 , where the chip has at least 
one chip dimension less than 300 microns ( 1 2 mils), 
the antenna has at least one antenna dimension 
less than 35 microns (1.4 mils), and the substrate 
has at least on substrate dimension less than 125 
microns (5 mils) whereby the circuit has at least one 
circuit dimension less than 508 microns (20 mils). 
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14. A circuit, as in claim 13, where the chip memory has 
information about mailing and the circuit is applied 
to a mailed letter or parcel. 

15. A circuit, as in claim 14, where the RF tag is en- 
closed within a stamp within the parcel or envelop 
membrane in a passport in an admission ticket in 
an article and the tag has information to prevent 
theft or in a drivers license. 

16. A circuit, as in claim 6, where the circuit has at least 
one tag dimension is less than 760 microns 
(30mils). 

17. A circuit, as in claim 16, that is encapsulated as an 
ISO standard credit card size package. 



Patentanspruche 

1. Dunne flexible elektronische Hochfrequenzken- 
nungschaltung umfassend: 

a. ein isolierendes, flexibles Substrat; 

b. eine Antenne, die ein integraler Bestandteil 
des Substrats ist und die Anschlusse aufweist; 

c. ein Schaltungschip, der eine Modulator- 
schaltung, eine Logikschaltung, eine Speicher- 
schaltung und Chipverbinder aufweist, die sich 
auf dem Substrat in angrenzender Nahe zu der 
Anstenne befinden; 

d. eine oder mehrere Verbindungsleitungen 
zwischen den Antennenanschlussen und den 
Chipverbindern, wobei die Verbindungsleitun- 
gen koplanar mit der Antenne und den Anten- 
nenanschlussen sind, 

dadurch gekennzeichnet, daB das Substrat eine 
Aussparung aufweist, in der der Chip angeordnet 
ist, und der Chip durch eine Einkapselung bedeckt 
ist, die den Abstand zwischen dem Chip und dem 
Substrat in der Aussparung fullt. 

2. Schaltung nach Anspruch 1 , wobei das Substrat or- 
ganisch ist und Polyimide und Polyester umfaBt. 

3. Schaltung nach Anspruch 1, wobei die Einkapse- 
lung undurchsichtig ist. 

4. Schaltung nach Anspruch 1, wobei die Verbin- 
dungsleitungen von irgendeiner Bondart sind, ein- 
schlieBlich Thermokompression, Einzelpunktbon- 
den, C4-Bonden und Kontaktkleben. 

5. Schaltung nach Anspruch 4, wobei eine organische 



Abdeckung der Chip, die Einkapselung, das Sub- 
strat und die Antenne umgibt. 

6. Schaltung nach Anspruch 1, die durch eine oder 
5 mehrere Schichten laminiert ist. 

7. Schaltung nach Anspruch 6, die durch ein zwei- 
schichtiges Laminat laminiert ist, das eine harte Au- 
Benschicht und eine klebende Innenschicht urn- 

10 faBt, wobei die AuBenschicht aus einem der Mate- 
rialien, die Polyester, Mylar, Polyimid und Polyethy- 
len einschiieBen, besteht, und die klebende Schicht 
aus einem der Materialien, die Ethylvinylacetat 
(EVA), phenolhaltiges Butyral und Silikonklebstoff 

is einschiieBen, besteht. 

8. Schaltung nach Anspruch 6, wobei die Schaltung 
auf einer Seite oder auf zwei Seiten laminiert ist. 

20 9. Schaltung nach Anspruch 1 , wobei die Antenne ei- 
ne Resonanzantenne ist und eine der folgenden 
Strukturen, die gefalteter Dipol, Halbwellen-Dipol 
und Schleife einschiieBen, aufweist. 

25 10. Schaltung nach Anspruch 1, wobei auch auf dem 
Substrat eine Batterie in angrenzender Nahe zur 
Antenne und dem Chip befestigt ist und durch eine 
oder mehrere Batterie-Verbindungsleitungen mit 
zwei oder mehreren Chipbatteriekontakten verbun- 

30 den ist, wobei die Batterie-Verbindungsleitungen 
und die Batteriekontakte koplanar zu der Antenne 
und den Verbindungsleitungen sind. 

11. Schaltung nach Anspruch 10, wobei die Batterie- 
35 kontakte mit den Batterie-Verbindungsleitungen 
durch irgendeine Bondart verbunden sind, die 
PunktschweiBen, Loten, Thermokompressions- 
bonden und Kontaktkleben einschlieBt. 

40 12. Schaltung nach Anspruch 10, wobei die Batterie- 
kontakte durch PunktschweiBen verbunden sind, 
und die Chipkontakte mit der Antenne durch Ther- 
mokompressionsbonden verbunden sind. 

45 1 3. Schaltung nach Anspruch 1 , wobei der Chip minde- 
stens eine Chipabmessung von wen iger als 300 Mi- 
krometer (12 mils) aufweist,. die Antenne minde- 
stens eine Antennenabmessung von weniger als 35 
Mikrometer (1,4 mils) aufweist, und das Substrat 
50 mindestens eine Substratabmessung von weniger 
als 125 Mikrometer (5 mils) aufweist, wodurch die 
Schaltung mindestens eine Schaltungsabmessung 
von weniger als 508 Mikrometer (20 mils) hat. 

55 14. Schaltung nach Anspruch 13, wobei der Chipspei- 
cher Informationen Ober einen Versand aufweist, 
und die Schaltung bei einem gesendeten Brief oder 
Paket verwendet wird. 
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15. Schaltung nach Anspruch 14, wobei die Hochfre- 
quenzkennung innerhalb einer Briefmarke. inner- 
halb eines Packchens oder einer Umhullungsfolie 
in einem ReisepaB, in einer Eintrrttskarte, in einem 
Gegenstand eingeschlossen sind und die Kennung 
Informationen aufweist, urn einen Diebstahl zu ver- 
hindern oder sich in einem Fuhrerschein befindet. 

16. Schaltung nach Anspruch 6, wobei die Schaltung 
mindestens eine Kennungsabmessung aufweist, 
die weniger als 760 Mikrometer (30 mils) betragt. 

17. Schaltung nach Anspruch 16, die in einer Verpak- 
kung mit KreditkartengroOe nach ISO-Standard 
eingeschlossen ist. 

Revendications 

1. Un circuit Electronique pour etiquette, a radio fre- 
quence, flexible mince comprenant : 

a. un substrat isolant, flexible; 

b. une antenne faisant partie integrante du 
substrat et comportant des bornes: 

c. une puce electronique de circuit, ayant un cir- 
cuit modulateur, un circuit logique, un circuit 
mE moire et des connecteurs de puce Electro- 
nique, et placee sur le substrat a proximite ad- 
jacente de I'antenne; 

d. une ou plusieurs lignes de connexion pre- 
vues entre les bornes de Tantenne et les con- 
necteurs de la puce electronique, les lignes de 
connexion etant coplanaires vis-a-vis de I'an- 
tenne et des bornes de I'antenne, 

caracterise en ce que ledit substrat presente une 
ouverture dans laquelle ladite puce est placEe, et 
ladite puce est couverte par un encapsulant rem- 
plissant, dans ladite ouverture, I'intervalle existant 
entre ladite puce electronique et ledit substrat. 

2. Un circuit selon la revendication 1, dans lequel le 
substrat est de nature organique, constitue de po- 
lyimide et de polyester. 

3. Un circuit selon la revendication 1 , dans lequel ledit 
encapsulant est opaque. 

4. Un circuit selon la revendication 1, dans lequel les 
lignes de connexion sont d'un type quelconque par- 
mi les types de liaison comprenant la compression 
thermique, la liaison a point unique, une liaison C4, 
et un adhesif conducteur. 



5. Un circuit selon la revendication 4, dans lequel un 
couvercle organique entoure ladite puce electroni- 
que, ledit encapsulant, ledit substrat et ladite anten- 
ne. 

5 

6. Un circuit selon la revendication 1 , obtenu par lami- 
nage d'une ou plusieurs couches. 

7. Un circuit, selon la revendication 6, obtenu par la- 
io minage a deux couches donnant un lamine compre- 
nant une couche exterieure dure et une couche in- 
terieure adhesive, dans lequel la couche exterieure 
est d'un materiau parmi le polyester, mylar, polyimi- 
de et polyethylene et dans lequel I'adhesif est un 

15 materiau parmi Pethyl vinyl acetate (EVA), un adhe- 
sif phenolique, butyral et silicone. 

8. Un circuit selon la revendication 6, dans lequel le 
circuit est obtenu par laminage sur une face ou sur 

20 les deux faces. 

9. Un circuit selon la revendication 1 , dans lequel I'an- 
tenne est une antenne a resonance et appartenant 
a Tune quelconque des structures ci-apres, com- 

25 prenant un dipole replie, un dipole demi-onde et une 
boucle. 

10. Un circuit selon la revendication 1 , dans lequel une 
batterie est egalement fixee au substrat, a proximite 

30 adjacente de I'antenne et de la puce electronique, 
et est connectee, a I'aide d'une ou plusieurs lignes 
de connexion de batterie, a deux contacts de bat- 
terie de puce electronique ou plus, dans lequel les 
lignes de connexion de batterie et les contact de 

35 batterie sont coplanaires vis-a-vis de I'antenne et 
des lignes de connexion. 

11. Un circuit seton la revendication 1 0, dans lequel les 
contacts de batterie sont connectes aux lignes de 

40 connexion de batterie, par Tun quelconque des ty- 
pes de liaison y compris le soudage par point, le 
brasage, la liaison par thermo-compression et un 
adhesif conducteur. 

45 12. Un circuit selon la revendication 10, dans lequel les 
contacts de batterie sont connectes par soudage 
par point et les contacts de puce Electronique sont 
connectes a I'antenne par une liaison a thermocom- 
pression. 

50 

13. Un circuit, selon la revendication 1, dans lequel la 
puce Electronique a au moins une dimension de pu- 
ce infErieure a 300 microns (12 mils), I'antenne a 
au moins une dimension d'antenne infErieure a 35 
55 microns (1,4 mil) et le substrat a au moins une di- 
mension de substrat infErieure a 125 microns (5 
mils), de maniere que le circuit ait au moins une di- 
mension de circuit infErieure a 508 microns (20 
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mils). 

14. Un circuit selon la revendication 13, dans lequel la 
m6moire de la puce glectronique comporte une in- 
formation concernant un postage et le circuit est ap- 5 
plique a une lettre ou un paquet destine(e) etre pos- 
16(e). 

15. Un circuit selon la revendication 14, dans lequel 
Petiquette RF est enclose a I'interieur d'un timbre, io 
place a I'interieur du paquet, ou de la membrane 
servant d'enveloppe, dans un passeport, dans un 
ticket d'admission, dans un article, et I'dtiquette 
comporte une information destinee a empecher le 
vol, ou dans un permis de conduire. '5 

16. Un circuit selon la revendication 6, dans lequel le 
circuit a au moins une dimension d'etiquette infe- 
rieure a 760 microns (30 mils). 

20 

17. Un circuit selon la revendication 16, encapsule ati- 
tre de boTtier de la taille d'une carte de credit repon- 
dant au standard ISO. 

25 
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